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ABSTRACT 
 
 
 
 The application of wireless local area network (WLAN) is increasing in 
offices, it become important to study signal propagation indoor environment.  In this 
project, the Site Ware Technologies` site specific propagation prediction tool is a 
three-dimensional (3-D) ray tracing code employing modified shoot and bounce 
ray(SBR) method know as the Vertical Plane Launch (VPL) will be used to predict 
indoor propagation effects in Wireless Communication Center (WCC), Faculty of 
Electrical Engineering, University Technology Malaysia (UTM).  Propagation 
prediction will be done within first floor of WCC at carrier frequency 2.4 GHz based 
on IEEE 802.11 b/g standard while measurement of signal strength will use 
Airmagent software for measure above mention area. after that presented simulation 
result into three dimensional using Matlab software . 
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ABSTRAK 
 
 
 
Kajian mengenai perambatan isyarat kawasan bilik dalaman menjadi semakin 
penting dengan penambahan penggunaan WLAN dalam pejabat.  Dalam projek ini, 
“Site Ware Technologies” adalah ramalan perambatan tiga dimensi (3-D) kod 
pengesan sinaran memerlukan cara “modified shoot” dan “bounce ray (SBR)” 
dikenal sebagai “Vertical Plane Launch (VPL)” akan digunakan untuk meramal 
perambatan dalam bangunan Pusat Komunikasi tanpa Wayar (WCC), Fakulti 
Kejuruteraan Elektrik (FKE), Universiti Teknologi Malaysia (UTM).  Ramalan 
perambatan akan dilakukan pada tingkat 1 di bangunan WCC pada pembawa 
frekuensi 2.4 GHz yang berdasarkan piawaian IEEE 802.11 b/g manakala 
pengukuran kekuatan isyarat di tempat yang dinyatakan diatas adalah berdasarkan 
kepada perisian Airmagnet. Selepas itu, keputusan simulasi akan dipersembahkan 
dalam tiga dimensi (3-D) dengan meggunakan perisian Matlab.  
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CHAPTER 1 
 
 
 
INTRODUCTION   
 
 
 
1.1 Overview 
 
The past decade has witnessed a phenomenal growth in wireless 
communication. Indoor wireless communication such as personal communication 
(PCs) and wireless local area networks (LAN) are exploding rapidly. The need for an 
efficient way to evaluate and tracing radio propagation in building is increasing. It is 
also critical to fiend method for provide beast coverage, consequently we fiend that 
the ray-tracing technique has been the beast to predict radio propagation in indoor 
environments. 
 
 
 
1.2 Problem Statement 
 
Now days , he use of indoor wireless LAN in offices increasing .The signal 
strength of these systems became wake due to placement of walls, window, glasses,  
overlapping channels, interference , etc.  This is important to conduct studies 
research to improve coverage. 
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1.3 Wireless LAN 
 
1.3.1 Introduction  
 
Recently wireless local area networks (WLANs) have emerged as flexible 
communication systems, which have been implemented as an extension or 
alternation for a wired LAN within buildings. Using electromagnetic waves WLANs 
transmit and receive data over air interface, minimizing need for wired connection, 
thereby it enables user mobility in covered area without losing connectivity to the 
backbone net. The system implementations vary from simple peer-to-peer connection 
between two computers to cover entire buildings by many transmitter/receiver 
devices - access points (AP), which are connected to the wired network as in       
Figure 1.1 [1]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.3.2 Wireless LAN Standards  
 
Tow standards bodies, IEEE ad European Telecommunications Standards 
Institute (ETSI) and one technology alliance (homeRF) promote WLAN standards. 
IN the IEEE 802.11family of WLANs, three standards deserve individual attention, 
and a handful of others are worth a quick mention.  The leasing standard is 802.11 b , 
or Wi-Fi, short for Wireless Fidelity, The cleat challenger is 802.11a, which provides 
Figure 1.1:  WLAN configurations with access point  
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increased throughput at a higher, less cluttered frequency; the outside contender is 
802.11g, which just completed the final stage of IEEE approval at the time of writing 
.other WLAN standards that are worth consideration are HIPERLAN/1 and 
HIPERLAN/2. 
 
 
1.3.2.1   802.11 standards 
 
 The IEEE 802.11 standard specification was approved in July 1997, making it 
the first wireless LAN standard to be defined.  It used the same switching protocols 
wired Ethernet, but allows communication to happen without wires, instead using 
unlicensed 2.4GHz frequency radio communication .Two frequency modulation 
techniques are supported in 802.11 FHSS and DSSS. 802.11 predicts are not 
commonly sold anymore, as updated versions (802.11a and 802.11b) have take its 
place, providing higher bandwidths at a lower cost. 
 
802.11b standard is the most popular standard in the 802.11x family. The 
specification was approved at the same time as 802.11 in 1999, but since then has 
achieved broad market acceptance for wireless networking. 802.11b is based on the 
direct sequence spread spectrum (DSSS) is easier to implement than orthogonal 
frequency division multiplexing (OFDM) as used in 802 .11a , 802.11b products 
came to market much sooner than their 802.11a counterparts.  In addition, the 
2.4GHz spectrum is available globally for WLAN configurations. While the 5GHz 
spectrum that 802.11a uses is for limited uses in many countries. 
 
802.11b standard is able to reach a maximum capacity of 11 Mbps.  This 
surpassed the 10 Mbps speed that is part of the original Ethernet standard, making 
802.11b a practical alternative to, or extension of, a wired LAN.  The use of his 
2.4GHz band for communication has advantages and disadvantages.  The 2.4GHz 
signals are able to penetrate physical barriers.  Such as walls and ceilings more 
effectively than higher frequencies can. The downside of using the 2.4GHz spectrum 
is congestion. Since it is unlicensed, meaning anyone can use it without obtaining a 
special license; other electronic products also use this frequency for communication.  
In typical indoor office configurations, an 802.11b access can communicate with 
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devices up to 100 meters (around 300 feet) away.  The further away a terminal is 
from the access point, the slower the communication will be devices within about 30 
meters can usually achieve a data transfer rate of 111 Mbps ; beyond 30 meters, the 
rate drops to 5.5Mbps,and then to 2 Mbps around 65 meters away, and finally , to 1 
Mbps around the outer edge. These numbers represent the anticipated coverage area 
and transmission speeds, but the products from each vendor will differ in 
performance. 
 
 802.11a standard is a high speed alternative to 802.11bstandard, transmitting 
at 5GHz and speeds up go 54Mbps.  The move to the 5GHz band and OFDM 
modulation provides two important benefits over 802.11b.  First, it increases the 
maximum speed per channel from11Mbps to 54Mbps.this is a tremendous boost, 
especially considering that the bandwidth is shared among all the user on an access 
point.  The increased speed is especially useful for wireless multimedia, large file 
transfers, and fast internet access. Second, the bandwidth available in the 5GHz 
range is larger than available at 2.4GHz, allowing for more simultaneous users 
without potential conflicts. Additionally, the 5GHz band is not as congested at the 
2.4GHz band, resulting in less interference.  
 
IEEE 802.11g standard brings high speed wireless communication to the 
2.4GHz band, while maintaining backward compatibility with 802.11b.  This 
accomplished on two layers.  First, 802.11g operates on the same 2.4GHz frequency 
band as 892.11b, with DSSS modulation types for speeds up to 11 Mbps .For 
54Mbps; 802.11g uses the more efficient OFDM modulation types, still within the 
2.4GHz band. 
 
Other 802.11 Standards Just as 802.11g improved upon 802.11b, other 802.11 
task groups are in place to improve upon the exiting 802.11x standards. His areas of 
concentration are security, quality of service, compliance and interoperability. All of 
these are still in the task group stage of the specification process: 
 
IEEE 802.11e standard, aimed at providing quality of service (QoS) 
capabilities to enable reliable voice communication to complement 802.11b 
systems.802.11e will also provide enhanced security and authentication mechanisms.  
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IEEE 802.11f standard aimed at developing the recommended practices for an Inter-
Access Point Protocol to achieve MultiFinder access point interoperability. 
 
IEEE 802.11h standard, aimed at enhancing the 802.11 a High-Speed 
Physical layer in the 5GHz band to make IEEE 802.11a products compliant with 
European regulatory requirements. 
 
Table1.1 and the figure2.2 below provide an overview of the characteristic and 
frequencies that use in IEEE 802.11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Short Wave Radio FM Broadcast
Extremely
Low 
Very 
Low 
Low Medium High Very
High
Ultra
High
Super
High
Infrared Visible 
Light 
Ultra-
violet
X-Rays
Audio AM Broadcast
Television Infrared wireless LAN
902 - 928 MHz 
(802.11) 
26 MHz 
ISM Band 
Cellular (840MHz) 
NPCS 
2.4 - 2.4835 GHz
(IEEE 802.11b) 
ISM Band 
 
5 GHz UNII Band 
(IEEE 802.11a) 
HyperLAN 
HyperLAN2 
Figure 1.2:  Frequency band for IEEE 802.11 
  802.11 802.11b 802.11a 
Approved July 1997 September 1999 September 1999 
Bandwidth 
(MHz) 
83.5 83.5 300 
Frequency Band 
(GHz) 
2.4-2.835 2.4-2.835 5.15-5.25, 
5.25-5.35, 
5.725-5.825 
Number of Non-
Overlapping 
Channels 
3 
(Indoor/Outdoor)
3 
(Indoor/Outdoor)
4 (Indoor) 
4 (Indoor/Outdoor) 
4 (Indoor/Outdoor) 
Data Rate (Mbps) 1,2 1,2,5.5,11 6,9,12,18,24,36,48,54
Table1.1:  Comparison of WLAN technologies 
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1.4 Objective of Project  
 
To study indoor wireless local area network (WLAN) signal propagation within  
Wireless Communications Center (WCC) building, in  order to obtain the best 
efficiency and coverage and compare with prediction. 
 
 
 
1.5 Scope of Project  
 
 To provide proper study of WLAN propagation signal within WCC building 
of University Technology Malaysia in which tracing signal and visualizing them are 
needed .The prediction area will be within room and corridor which tracing signal 
that transmitting for access point to receivers inside the lab room and the per diction 
will be done at a carrier frequency 2.4 GHz based on IEEE 802.11 b/g standard. 
Present simulation results into three dimensional using Matlab software for 
visualization while measurement part will use AirMagent software.  
 
 
 
1.6 Organization of the Thesis 
 
Chapter 1 contains overview about project and method that will be used in this 
project, problem statement is presented factor that effect wireless LAN, wireless 
LAN presented IEEE 802.11standard and frequency that used in wireless LAN 
objective and scope for this project. 
 
The literature review is performed in chapter 2.  Some introduction of 
propagation paths and mobile radio propagation mechanism are introduced such as 
reflection, refraction, diffraction, delay spread and multipath fading, the last part 
shows some prediction and propagation model. 
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Chapter 3 contains the methodology process by; showing up the detailed 
diagram of the project methodology and highlights briefly the steps have been taken 
meet the objectives of this project. 
 
Chapter 4 contains the results from VPL, result from AirMagnet software, 
Visualization Code and result in 3D by Matlab, in this chapter  also include  some 
analysis that is  done based on the wireless communication principles and 
fundamentals.  Finally, Chapter 5 contains the summary of the thesis and also 
includes some suggestions for future work.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 60
 
 
 
REFERENCES 
 
 
 
1. Martyn Mllick “Mobile and Wireless Design Essentials” copyright 2003 
 
2.  Michel Daoud Yacoub “Foundations of Mobile Radio Engineering”1993 
 
3. Stanislav  Zvzonvec,Pavel pechac, Martin Klepal “Wireless LAN networks 
design site survey or propagation modeling ” 
 
4. http://www.tapr.org/ve3jf.dcc97.html 
 
5. http://www.fas.org/man/dod-101/navy/docs/es310/propagat/Propagat.htm 
 
6. http://www.ycars.org/EFRA/Module%20C/EMInteract.htm 
 
7. Linux Wireless LAN Howto - jt@hpl.hp.com  
 
8. http://www.tpub.com/content/neets/14182/css/14182_72.htm for refraction  
 
9. Theodoe S. Rappaport”wireless communications” second edition. 
 
10. George Liang, User’s Manual for Site Specific Outdoor/Indoor Propagation 
Prediction Code Site Ware Technologies, Inc. (1999) 
 
11. Liang G. and Bertoni, H.L “A new approach to 3-D ray tracing for 
propagation prediction in cities”. IEEE Transactions on antenna and 
Propagation 1998.46(6):853-863. 
 
12.  http://www.airmagnet.com/products/laptop.htm 
 
 61
13. G.E  Athanasiadou, A.R Nis and J.P.McGeehan “ A new 3D indoor ray-
tracing propagation model with particular reference to the prediction of 
power and delay spread“ Centre for Communications Research, University of 
Bristol ,Queen’s Building, Bristol, UK,0-7803-3002-1/95 $4.00©1995 IEEE. 
 
14. Tang Min Keen and Tharek Abdul Rahman“ Propagation Prediction Based 
on Measurement at 5.8GHz for Fixed Wireless Access” Wireless 
Communication Center, Faculty of Electrical Engineering, Universiti 
Teknologi Malaysia , J.N.de Souzal et al.(Eds.):ICT 2004,LNCS 3124,pp. 74-
81, ©Springer-Verlag Berlin Heidelberg 2004. 
 
15. Zhong Ji, Bin-Hong Li, Hao-Xing Wang,Hsing-Yi Chen, Tapan K.Sarkar 
“Efficient Ray-Tracing Methods for Propagation Prediction for Indoor 
Wireless Communication” IEEE  Antennas and  Propagation Magazine. 
Vot.43.No. 2.April 2001. 
 
16. Kate A Remley, Harry R. Anderson, and Andreas Weisshar“Improving the 
Accuracy of Ray-Tracing Techniques for Indoor Propagation Modeling” 
IEEE transactions on vehicular technology, Vol.49, No. 6, November 2000 
 
17. S Zvánovec, M Válek, P Pechać“Results of Indoor Propagation Measurement 
Camping for for WLAN systems operating in2.4 GHz ISM band” Antennas 
and Propagation, 2003. (ICAP 2003). Twelfth International Conference on 
(Conf. Publ. No. 491)Volume 1,  31 March-3 April 2003 Page(s):63 - 66 
vol.1.  
 
 
 
 
 
 
 
 
 
